ABSTRACT
Introduction
Traction and fixation of soft tissue flaps in facial plastic surgery is performed by means of soft tissue fixation methods, the most common being sutures, screws (metallic or absorbable), and surgical adhesives [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] .
Cyanoacrylates are cyanoacrylic acid esters with adhesive properties that polymerize at room temperature without a solvent or catalyst and that have one alkyl side chain in their molecular structure. Long chains confer less toxicity than do short chains. Cyanoacrylates thus demonstrate slow degradation in cyanoacetate and formaldehyde, limiting the accumulation of toxic byproducts that must be eliminated by the organism [8] [9] [10] [11] [12] .
Nylon monofilament threads are traditionally used as surgical sutures in soft tissues and are often compared with surgical adhesives [13] [14] [15] .
This work aimed to study the repair of pericraniumcutaneous flaps pulled and fixed with a nylon monofilament thread anchored in the skull bone tunnel or with a surgical adhesive, in
Wistar rats. The histological tissue reactivity and production of types I and III collagen were also evaluated.
Methods
This study was approved under protocol number
018/2010 by the Ethics in the Use of Animal Experimentation
Committee of the State University of Maringa (Brazil).
Thirty-five male Wistar rats (Rattus norvegicus albinus)
at 120 days of age and weighing 280 to 484g (average, 365.7g)
were used. The rats were randomly distributed into three groups of ten animals as follows: Group A, control; Group B, suture anchored in a skull bone tunnel; and Group C, surgical adhesive.
The last group of five animals constituted the Sham group (surgical control).
Beginning 24 hours prior to the experiments, the animals were acclimatized in a vivarium and maintained in plastic cages containing a maximum of four animals each. The rats received water and food ad libitum and were maintained at room temperature with a 12-h light/dark cycle.
After weighing the animals, the experimental procedure was initiated with intramuscular anesthesia using chlorhydrate 2-(2,6-xylidine)-5,6-dihydro-4H-1,3-thiazine (Rompun 2%;
Bayer, Sao Paulo-SP, Brazil) at a dose of 1mg/kg and ketamine chlorhydrate (Ketalar; Pfizer, Guarulhos-SP, Brazil) at a dose of 20mg/kg in a 1:1 ratio. Based on the dose of each drug, the mixture was used for anesthesia at a dose of 1ml/kg of body weight.
With the animal anesthetized, the head was shaved followed by antisepsis of the shaved skin with an alcohol solution including 0.5% chlorhexidine (Riohex; Rioquimica, Sao Jose do Rio Preto-SP, Brazil).
A 5 to 10-mm 3-0steel thread (Aciflex; Ethicon, Sao Paulo-SP, Brazil) was then introduced into the subcutaneous tissue as a dynamic radiological marker to observe the mobility of the flap during the study period. After introducing the radiological marker, the cranium of the animal was immobilized in a cephalostat to permit preoperative radiographs. 
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Group C underwent flap traction and received 0.25 ml The four holes in the adjacent proximal edge of the skull facilitated introduction of Metzenbaum scissors to finish sectioning the bone along the path marked by the skin incisions to remove the specimen en bloc for histological study.
The material was fixed in formalin, and a central segment covering the greater extension of the operated region was embedded in paraffin after routine histological preparation. Histological Quantitative data analysis, ANOVA analysis of variance, Tukey's test, and a T-test with a significance level of 5% were performed.
Results
Surgery with subperiosteal detachment led to an increase in the number of inflammatory cells at the surgical site. Both PMN and MN cells were present, the latter in larger quantities, but without a significant difference (Table 1) .
Subperiosteal detachment triggered tissue repair with fibroblast migration from postoperative days 3-7 and a decrease from postoperative day 14 on ward. This effect was more intense in Group C, which was treated with surgical adhesive (Table   2 , Figure 6 ). There was a significant difference in the number of fibroblasts between Groups C and B on postoperative day 7 (p=0.0211) (Table 2, Figure 7 ). The qualitative data analysis demonstrated the effect of the surgery. An inflammatory response was triggered in Groups A, B, and C; it peaked on postoperative day 7 and declined from postoperative day 14 onward. Throughout the repair process, there was a predominance of MN cells in Groups Sham, A, B, and C; however, from postoperative day 3, the PMN count showed an inflammatory effect caused by the soft tissue fixation method used (suture anchored in the skull bone tunnel was less reactive than surgical adhesive). The PMN count remained higher in Group C from postoperative days 3-45, than in the other groups ( Figure 5 ). There was a predominance of macrophages in Group C on postoperative days 3 and 7, but without statistical significance ( 
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At the end of the experiment, there was a predominance of type I collagen fibers in the three operative groups without significant differences, but in excess of 80%. This result highlights the role of subperiosteal detachment as a stimulus for repair (Figure 8 ).
Discussion
The study of tissue reactivity in surgery indirectly contributes to the prediction of results, so that measures taking and surgical planning, especially in plastic surgery. A successful outcome occurs in the proportion that the inflammatory response, which is individual, single, singular, manifests itself in a positive way for that individual, that is also unique, even within a group of the same species.
In this experimental study, subperiosteal detachment Saltz and Zamora 7 reported that endoscopic frontal rhytidectomy avoids a bicoronal incision. However, the ideal soft tissue fixation method was controversial and the authors to the higher repositioning of the flaps in the long term 18 . We also observed during the collection of specimens for histological analysis the presence of cover slip adhesive polymerized between the soft tissue and the bone plate. This finding corresponded to that of Mixter 19 and caused a chronic foreign body reaction. In our study, we found a larger amount of fibroblasts in Group C on postoperative days 3 and 7, but an absence of multinucleated giant cells.
Mastieri et al. 12 studied the inflammatory response of n-butyl-2-cyanoacrylate implanted in the subcutaneous tissue of rats and observed no significant differences compared with controls, concluding that this adhesive is biocompatible. Mugali et al. 14 showed that in rats, this adhesive causes less stimulation of TNF alpha and IL-1beta than does catgut; it is also less immunogenic. We observed that the number of MN cells was high in all groups during the five days of measurement, but the humoral inflammatory response was not assessed.
Batista et al. 15 compared sutures in the abdominal wall of rats that underwent operations using 3-0 nylon monofilament thread and adhesive n-butyl-2-cyanoacrylate. The suture time was faster in the adhesive group, and although there was one case of wound dehiscence and abscess formation, this group showed higher tensile strength than did the suture group on postoperative day 14.
In our study, we observed easy flap fixation and less surgical time when using adhesive and no occurrences of dehiscence or abscess formation. We believe that these reactions may be associated with the amount of adhesive applied.
Sadato et al. 20 studied the effect of dilutions of n-butyl-2-cyanoacrylate/ethiodol in proportions of 20:80 and 50:50 for embolization of the renal arteries of rabbits and quantified the macrophages and neutrophils. No significant differences were seen throughout the study, nor were there differences in the degree of injury to the vascular wall. We believe that dose-control studies may be able to identify less reactive doses of n-butyl-2-cyanoacrylate. The development of devices with gradual adhesivereleasing capabilities or even less reactive adhesive isomers for use within soft tissues may also be possible.
Conclusions
Subperiosteal detachment triggers a cellular inflammatory response that is amplified when soft tissue fixation methods are used. The adhesive n-butyl-2-cyanoacrylate is more reactive than nylon monofilament thread anchored in a skull bone tunnel.
